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Isolated adult human keratinocytes were grown either 
on plastic coverslips or a nonviable basement membrane 
surface containing intact laminin, type IV and V colla-
gens, and heparan sulfate proteoglycan and examined 
by indirect immunofluorescence for the expression of 
bullous pemphigoid, pemphigus and Prlh antigens. 
Initial cell suspensions had a mean of 23% and 30%, 
respectively, of bullous pemphigoid and Prlh positive 
staining cells, while those stained with pemphigus serum 
were usually negative (19 of 22 series). 
Pemphigus antigen was expressed as intercellular 
staining between keratinocytes within 24 hr in both 
cultures on plastic and basement membrane. Likewise, 
Prlh antigen was expressed within 24 hr as a homoge-
neous cytoplasmic fluorescence leaving the basement 
membrane zone unstained. In contrast, pemphigoid an-
tigen was expressed as a linear fluorescent band at the 
basement membrane zone between days 3 and 4 of cul-
ture. 
Systematic cell counts of bullous pemphigoid antigen 
positive cells from trypsin disrupted primary cultures 
made on plastic over time showed a nadir (8%) of positive 
cells in early cultures after which the percentage rapidly 
rose to a peak of 58% between days 14 and 21 of culture. 
In subcultures repeatedly disrupted at short intervals, 
the percentage of bullous pemphigoid positive cells re-
mained low when compared to those interrupted and 
passaged over longer intervals. 
The percentage of bullous pemphigoid antigen bearing 
cells in culture over time is similar, but not identical, to 
the percentage of basal cells and is related to the age and 
known growth kinetics of the culture system. Bullous 
pemphigoid, pemphigus and Prlh antigens are synthe-
sized by the epidermal cell whether cultured on base-
ment membrane or plastic. 
In a previous publication, we have shown that bullous pem-
phigoid antigen (BP A) is synthesized by adult human keratin-
ocytes migrating on nonviable, inverted pig skin [1]. Didierj ean 
and colleagues [2], using the same culture system, showed that 
pemphigus vulgaris antigen (PV A) was expressed in the migra-
tory epi~helium [2]. The purpose of this study was to see if 
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suspensions of isolated adult human kera tinocytes (AHK) 
would produce BP A and PV A when cultw-ed on two nonviable 
substrates: plastic and human dermal basement membrane 
from which BP A was removed. 
In addition, to better define the system of culturing keratin-
ocytes on basement membrane substra te, these cultures were 
stained with Prlh monoclonal antibodies which are known to 
stain only the basal cells of orthokeratotic human skin and both 
the basal and mature cells of epithelia undergoing parakeratotic 
differentiation such as psoriatic epidermis [3]. These monoclo-
nal antibodies also served as controls for the pemphigoid studies 
to determine whether the antigen localization was truly in the 
basement membrane zone or within the basal cell. 
MATERIALS AND METHODS 
Adult Human Keratin.ocyte Cultures 
Normal adult human skin was obtained from a plastic sm gery cl inic, 
and keratinocyte suspensions and cul tures on plastic coverslips were 
made by the technique developed by Eisinger and colleagues [4]. Cell 
suspensions were also used to initiate cultures on a prepar ed, nonvia ble, 
basement membrane, dermal substrate as previously described [5,6]. 
Cultw·e medium consiste·d of Eagle's Minimal Essential Medium, sup-
plemented wi th 2 mM L-gluta mine, 0.1 mM of nonessen tial amino acids, 
1 mM of sodium pyruvate, 100 Mg/ ml streptomycin, 100 uni tS/ lUI peni-
cillin, 10% feta l calf serum and 0.4 Mg/ ml hydrocor tisone. Cul tures made 
on dermal substrate were ma inta ined at neutra l pH, while those on 
plastic were kept at a pH of 5.8-6.0 as previously reported [4]. 
An aliquot of the cell suspension was dilu ted 1:1 wi th 0.4% Trypa n 
Blue a nd counted in a Burker Chamber. Cells were seeded onto plastic 
coverslips or the dermal basement membrane substrate at a den ityof 
600,000 to 800,000 cells/cm2 and mainta ined at 37°C in humidified air 
and 5% CO2• 
A t the ini t iation of each cultm e, several air-dried slides of the cell 
suspensions were prepru·ed and kept a t - 20°C for immunoflu orescent 
s tudies. Coverslips from primary cul tm es were taken every other day 
a nd the cells detached wi th Trypsin-EDTA (GIBCO no. 610-5305). The 
cells were passaged (1:3 split) on day 11 or 21 and subsequent subcul-
tures wer e passaged on days 2, 6, 9 or 15. 
Preparation of Dermal Substrate 
Human cadaver skin was keratotomed into strips 3 cm wide and 
approximately 20 cm long with a keratome set at 0.5 mm depth. T he 
pieces were cut to a length of 10 cm a nd placed in to large 140 mm Petri 
dishes containing 50 ml of phosphate buffered saline without calcium 
and magnesium and incubated at 37°C. Between days 4 and 6, the 
epiderm is could be easily separated from the dermis and was discarded. 
The dermis was then freeze- thawed (liquid nitrogen to 37°C for 30 min ) 
repeatedly, gamma irradiated wi th 3.5 Mrad and eq uilibrated in cul tm e 
medium at 37°C for 2 days to insm e sterility. The dermal substrate 
was then stored at -20°C un til the cultures were made. Characteriza-
tions of this substrate includillg histology and microscopic studies have 
been previously published [5,6]. 
The dermal substrate used in this study and control fresh human 
skin was tested with the leucine aminopeptidase reaction for fibroblasts 
as described by J acquemont and Prunieras [7], and wi th indi.rect 
immunofluorescence with affini ty 'purified antibodies to laminin, type 
IV collagen fibronectin t he basement membrane hepara n sulfate-rich 
proteoglyca'n, type I collagen and type III collagen (a gift from Jean-
Michel Foidart). imilru·ly, !IF was performed wi th a ffini ty pmified 
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antibodies to type V collagen (a gift from Dr. Michael Silver) and 3 
sera from patients known to have high titer antibod ies against BPA 
(see immunofluorescent studies). From days 0 to 10 in PBS, a piece of 
the substrate was removed, quick frozen in liquid nitrogen for 2 hr and 
then stored at -20°C until the IIF procedure. 
Antisera 
In this study, the following experimental sera were used: 
1. Sera from three patients known to have high titers of circulating 
bullous pemphigoid (BP) IgG antibodies (all with titers of 1/50 or 
higher) were used to identify BPA in cultUl"e. On cryostat sections of 
normal human skin and rabbit esophagus, these sera showed a typical 
linear fluorescent staining of the basement membrane zone. 
2. Sera from patients known to have high titers (1/ 100 or higher) of 
circulating pemphigus vulgaris (PV) IgG antibodies were used to iden-
tify PV A in cultUl"e. On cryostat sections of normal human skin and 
rabbit esophagus, these sera gave a typical intercellular pattern of 
flu orescence within the epidermis. 
3. Four normal human sera were used as negative controls. 
4. In cultures made on dermis, antiserum with monoclonal antibodies 
to Prlh antigens as reported by SaUl"at, Didierjean, and Habibi [3] were 
tested. These monoclonal antibodies are known to stain the cytoplasm 
of only the basal cells of normal orthokeratotic human skin, but all of 
the epidermal cell layers in psoriatic or other parakeratotic conditions 
[3]. 
J ndirect Immunofluorescence 
Indirect immunofluorescence (!IF) was performed as previously de-
scribed [1] with appropriate conjugates chosen depending upon the 
origin of the sera. The same !IF chains were performed on 4 /lm cryostat 
sections of cultures on nonviable human basement membrane; PBS-
washed, air-dried, slides of initial cell suspensions; PBS-washed cover-
slips of cultured keratinocytes; and PBS-washed, ai.r-dried slides of 
cultured keratinocytes that were detached from the coverslips and 
resuspended in neutral medium (see procedures). 
Fibroblast Cultures 
Three series of human dermal fibroblasts (2 from breast skin, 1 from 
facial skin) established by the technique ofKahaleh , Sherer, and LeRoy 
[8], and 2 lines of passaged 3T 3 cells (NIH cells and 3T3 from Dr. 
Howard Green) were used as controls and subjected to indirect immu-
nofluorescent staining with control and experimental sera. 
Procedure 
Four series of primary keratinocyte cultures made on the prepared 
dermal substra te were taken daily from day 1-11, quick frozen in liquid 
nitrogen, cut on a cryotome set at 4 I~m and subjected to the immuno-
fluorescence procedure. 
Ten series of primary cultures of AHKs made on plastic were also 
observed every other day (days 0-11) with the immunofluorescent tests. 
Two series of primary cultures made on plastic and examined every 
other day with IIF were continued until day 25. One or two coverslips 
were taken each day, washed twice in PBS and kept at -20°C until the 
IIF procedUl·e. They were then divided with scissors into 6 sections and 
subj ected to IIF as described above. A third coverslip was taken, 
washed in PBS and the cells detached with Trypsin-EDTA (GIBCO 
no. 610-5305) at 37°C and resuspended (approximately 0.8 X 10" celis/ 
ml) in neutral medium. Several air-dried sljdes of the suspended cells 
were then prepared and kept at minus 20°C until the immunofluores-
cent procedUl"e. Aliquots of resuspended cells were examined thl"ough-
out the cultures and the pel"centage of "basal" cells and " maturing" 
cells e!itimated by cytological methods [4,9]. The remaining 1 or 2 
coverslips were used to maintain the cultures or passage the cells. Air-
dried slides of 12 additional day ARK suspensions were made and 
sta ined by IIF with experimental and control sera. Cell counts of 
fluorescent positive cells in the init ial suspensions and aIr-dried slides 
of detached cultUl"ed AHKs were determined by counting 200 random 
cells on 25x objective and expressed as a percentage of the total cells 
counted. 
RESULTS 
Dermal Substrate 
Fibroblasts, in sections of normal human skin, reacted with 
leucine aminopeptidase [7] were identified by typical red-pink 
granules in their cytoplasm. In contrast, prepared dermal sub-
strate stained with leucine aminopeptidase was negative. Fresh 
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human skin and human skin bathed in PBS, regardless of the 
day tested, [whether de-epidermized (substrate) or not], re-
vealed bright linear immunofluorescence along the basement 
membrane zone when stained with antisera to type IV collagen, 
type V collagen, laminin, a nd the basement membrane proteo-
glycan (Fig 1) . Dermal vessels were also stained with these 
FIG 1. Nonviable human dermal substrate with the basement mem-
brane side up and stained with hematoxylin and eosin (a) , by IIF with 
affinity purified antibodies to laminin (b) and by !IF with bullous 
pemphigoid serum (c). The staining pattern seen with laminin was also 
seen with affinity pUl'ified antibodies to the basement membrane hep-
aran sulfate proteoglycan, BM-I; type IV and type V collagen. In 
contrast, no basement membrane staining of the substrate is seen with 
bullous pemphigoid serum. Arrows point to the basemen t membrane 
zone area of the substrate. 
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antisera. In contrast, the basement membrane zone did not 
stain after day 3, when BP sera was used and remained negative 
throughout the experiment (Fig 1). Type I and type III collagen 
antiserum gave a diffuse fluorescent stain throughout the col-
lagen bundles of the dermis (not shown). Fibronectin antiserum 
gave a diffuse staining pattern tlu'oughout the dermis with an 
accentuation of the fluorescent stain near the basement mem-
brane zone (not shown) . Normal human and PV sera did not 
stain the basement membrane zone. 
Initial Cells Suspensions 
In the ini tial adult human keratinocyte suspensions, IIF with 
BP sera showed that 19-50% of the cells (mean 23%) had a 
bright, polar, linear-flattened end of fluorescence which was not 
seen with any of the other sera used (Fig 2a). Cells exhibiting 
polar fluorescence were helmet-shaped with a dark cytopLasm. 
Often the polar fluorescent band along the flattened end of the 
cell appeared somewhat fimbriated. 
S uspensions stained by lIF with PV sera were usually iden-
tical to those stained with normal human sera with no staining 
of the cell membrane. However, occasionally, some suspensions 
(3 of 22) had cells with fluorescent staining accentuated arou nd 
the rim of the cells (not shown). 
25-40% (mean 30%) of the cells from suspensions stained with 
Prlh antigen antiserum showed a homogenous cytoplasmic 
fluorescence outlining a black nucleus. No polar fluorescence or 
membrane accentuation of fluorescence was seen (Fig 2b). 
FIG 2. Initial adult human keratinocyte suspensions stained by IlF 
with bullous pemphigoid serum (a) showing polar membrane fluOl'es-
cence of the basal cells with dark cytoplasm and nuclei; and with Prlh 
monoclonal antibodies (b) staining the cytoplasm of the basal ce lls and 
outlin ing the nucleus and fading towards the cell periphery, character-
istic of cytoplasmic staining. (Long arrows = positive cells, short 
arrowS = negative cells.) 
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FIG 3. A day 5 AHK culture on nonviable substrate stained wi th 
hematoxylin and eosin (a) and by IIF with bullous pemphigoid serum 
(b and c) showing that the bullous pemphigoid antigen is expressed at 
the junction (arrows) between the cultmed cells and nonviable sub-
strates. (b = WOx , c = 400X). 
Cultures on Nonviable Dermis 
Specimens (fom experiments with fom different skins) taken 
after 24 Iu· of cultme and stained by lIF with BP sera showed 
no fluorescence at the new dermo-epidermal junction between 
the attached cells and the nonviable dermal substrate. Parallel 
methylene blue sections showed clWllPS of keratinocytes at-
tached to the dermal substrate leaving spaces of dermal sub-
strate uncovered by epidermal cells. A similar appearance was 
seen after 48 hr of cultw'e except that a discontinuous mono-
layer was evident, again with no fluorescent staining of the 
dermo-epidermal junction with BP sera. On day 3, the mono-
25 
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layer was almost complete and areas of stratification were 
noted. The dermal-epidermal junction beneath the cultured 
cells revealed patchy fluorescent staining. By day 4 and 5, 
progressive stratification was noted along with a bright, linear 
FIC 4. A pemphigus serum stained section of day 2 AHKs grown on 
nonviable substrate (s) with a cluster of attached cells with intercellular 
staining (250x). 
FIG 5. A cryostat section of day 3 AHKS grown on nonviable 
substrate (s) and stained by IIF with PrLh antibodies. All of the cell 
layers demonstrate homogenous cytoplasmic flu orescence outlining a 
black nucleus (n) (250x). 
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fluorescent dermo-epidermal junction (Fig 3). This pictw'e con-
tinued until the cultures were terminated. 
Sections of' the same specimens stained by IIF with PV sera 
showed areas of intercellular fluorescence within the clusters of 
attached epidermal cells as early as 24 hr of culture. By 48 hl' 
in culture this intercellular fluorescent staining pattern was 
seen throughout the stratifying keratinocytes and remained 
essent ially unchanged from day 2 to day 11 when the experi-
ments were terminated (Fig 4). 
Staining of sections with Prlh antiserum showed a generalized 
cytoplasmic fluorescence of all of the layers of the cultlll'ed 
epidermal cells J'egardless of the day taken from cul tul'e (Fig 5). 
No staining of the dermo-epidermal junction was seen. Whether 
or not there might be some staining of the intercellular spaces 
between the cultured cells could not be adequately evaluated 
due to the intensity of the fluorescence with Prlh antigen 
antiserum. 
Specimens stained with normal human serum were negative . 
Table I summarizes the IIF of AHK cultures made on nonviable 
human dermal substrate and stained at various times with 
experimental and control sera. 
Cultures on Plastic: 
AHK cultlll'es on coverslips viewed from above with a phase 
contrast microscope revealed a continuous sheet of polygonal 
cells in a brick-like pattern. Clumps of round cells detaching 
from the cultures could be seen in a closer plane to the micro-
scope. T he clumps of detaching cells failed to exclude trypan 
blue and were, therefore, nonviable. Regardless of th e day 
observed, when the coverslips were stained by IIF with PV 
sera, intercellular staining was seen between the polygonal cells 
(Fig 6). Intercellular staining was not observed when the cul-
tures were stained by IIF with BP or normal human sera. 
Intact ARK cultures on plastic coverslips that were stained 
with BP sera by !IF were, by and large, identical to those 
stained with normal human sel·a. However, at the periphery of 
some primary and subcultures, polygonal shaped cells could be 
seen with some granular fluorescent staining of theil" cytoplasm 
that was not seen in those cult Ul"es stained with PV or normal 
human sera. These fme hazy or granular cytoplasmic staining 
areas gave in situ coverslip cultures stained with BP sera an 
appearance that looked like overlapping shingles. However, we 
felt that this was a subtle finding and not seen throughout all 
areas of the cultUl'es stained with BP sera. 
In contrast, when air-dried slides of detached and resus-
pended keratinocytes from the coverslips were made and 
stained by IIF with BP s!=lra, two distinct populations of cells 
were seen: fluorescent posit ive and fluorescent negative cells 
(Fig 7). After 24 hr in cul ture, detached AHKs showed a loss of 
TABLE 1. Pemphigoid, pemphigus and Prlh antigens in adult human heratinocytes grown on. nonviable dermal substrate 
Day 
o 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
Pemphigoid sera 
Focal areas of attached cells with linear 
fluorescent staining beneath them at 4 
hr, but largely negative staining at 
DEJ. 
No flu orescent staining of DEJ. 
No fluorescent staining of DEJ. 
Areas of patchy Quorescent staining of 
DEJ in 2 out of 4 series. 
Predominant ly linear flu orescent stain-
ing in all series. 
As above 
As above 
As above 
As above 
As above 
As above 
As above 
Pemphigus scm 
Clusters of attached cells with intercellu-
lar flu orescent staining. 
As above, b~t extended throughout epi-
dermal cells. 
As above 
As above 
As above 
As a bove 
As above 
As above 
As above 
As above 
As a bove 
As above 
Prlh serum 
Clusters of attached cells with cytoplas-
mic flu orescent staining. 
As above, but extended tluolighouL epi-
dermal cells. 
As a bove 
As above 
As a bove 
As above 
As above 
As a bove 
As above 
As a bove 
As above 
As a bove 
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the flat polar fluorescence and helmet shaped cells that were 
seen in the initial ARK suspension. Between 0 and 15% (mean 
9%) of the 24 hI' population consisted of small round cells 
containing a small aggregation or concentration of fluorescence. 
It could not be determined whether or not this fluorescent body 
was inside or outside of the cells or whether it was residual 
BP A or newly synthesized material. 
On day 3 and throughout the subsequent primary and sub-
cultures, the fluorescent positive cells presented foul' distinct 
staining patterns: 
1. A cytoplasmic-perinuclear fluorescent pattern in which 
th e fluorescence was accentuated al'ound a black nucleus and 
faded toward the periphery of the cell (Fig 7a). 
2. A so-called "signet ring" pattern in which the fluorescence 
FIG 6. An intact day 11 AHK cultLU'e on a plastic coverslip viewed 
from a bove and stained by lIF with pemphigus serum. Arrow points to 
intercellular staining (250x). 
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was again in a perinuclear-cytoplasmic location, but distributed 
asymmetrically on one side of the nucleus (Fig 7b). 
3. A "dot" pattern in which a concentration of fluorescence 
was seen midway between the nucleus and cell periphery (Fig 
7c) . 
4. A "rim" pattern which consisted of an asymmetrical con-
centration of fluorescence at the periphery of the cell occupying 
one-quarter to one-half of the cell's cil'cumfel'ence (Fig 7d). 
By day 5 in cultW'e, the percentage of fluorescent positive 
cells increased and continued to increase to 58% by day 14 
(Table II, Fig 8). This increase in BPA-beal'ing cells is similru', 
although not identical, to the rise in the percentage of basal 
cells in culture as previously published [4] and confirmed here 
(Fig 8). BPA was also expressed in subcultW'es of passaged cells 
when the cells were detached, resuspended and dried on slides 
for IIF. Cultures that were interrupted every 15th day had the 
greatest number of BP positive cells, while those interrupted 
every second day had significantly fewer BP positive cells 
(Table III). CultW'es of human fibroblasts and passaged 3T3 
cells were negative by IIF with BP, PV and Pl'lh sera. 
TABLE II. Percentage of bullous pemphigoid antigen positive cells 
on air· dried slides of detached heratinocyte primary cultures made 
on plastic 
IIF on day NUlnber of se rieso Percent positive cells 
0 22 23% 
1 5 9% 
3 5 13% 
5 10 20% 
7 5 32% 
9 5 49% 
11 10 53% 
14 2 58% 
22 2 51% 
" A given donor skin and its subsequent keratinocyte cultures con-
sti tu te a series. 
FIG 7. Air-dried slides of detached and resuspended AHKs grown on plastic coverslips and stained by lIF with pemphigoid serum. Two 
distinct populations are seen: fluorescent positive (solid arrows ) and flu orescent negative (hollow arrows). FOUl' distinct staining patterns of 
positive cells are noted: cytoplasmic-perinucleru' (a), signet J'ing (b) , dot (e) and rim (d). (See text for details) (250 x ). 
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DISCUSSION 
Mar~s, Abell, and Nishikawa [10] were the first to suggest 
that mIgratory human keratinocytes could produce BP A in 
culture. They showed that in 3 of 33 human skin explants a 
pa~ch:>:, l~ear ~uorescence was seen at the newly formed dermo-
epIbolIc JunctIon when sections were stained with BP sera. 
Using a similar: system, ~intner et al [11] confirmed this finding 
and extended It by showmg that type IV collagen and laminin 
(other basement membrane components) were also seen in the 
same region. In both of these explant studies, the dermis was 
~o~ controlled, and the migratory epidermis was juxtaposed to 
hvmg dermal substrate which could have contributed to the 
production of antigen directly or indirectly. 
Using isolated mouse epidermal cells, Marcelo and Diaz [12] 
showed that the BP A was at least maintained up to 7 days in 
culture. An exact comparison between the amount of BP A seen 
in the initial cell suspension with those later in culture was not 
made. 
Stanley et al [13] cultured isolated human neonatal keratin-
ocytes on collagen coated coverslips and followed the cultures 
for the production of BP A, PV A and keratin filaments with IIF 
by observing the cultures in situ from above. They found that 
BPA was expressed as "a coarsely granular fluorescence which 
appeared to be within or under the cytoplasm of small cells on 
the bottom of the stratifying keratinocyte colony or at its 
expanding edge." In their study, the antigen was detected after 
1 week in culture as well as in the second, fourth, and sixth 
passage of the cultures. They noted that in 24 hr primary 
cultures, BP A was detected in "some rounded cells as a unilat-
eral irregular fluorescent spot" and this faded or disappeared in 
cells that had begun to spread. The percentage of BP A and 
~V A positive cells in the initial cell suspension was not men-
tIoned and cell counts .on detached cells during the cultures 
were not performed. 
The studies reported here are similar to those of Stanley et 
al [13] ~)Ut not identical in design nor results. Culturing cells on 
a nonvIable human dermal substrate allowed sectioning of the 
cultures and provided a side-view (vertical section) of the 
cultured cells and their antigen production. In addition to top 
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and side views of in situ cultures, we decided to detach cells 
from the same culture dish and make air-dried slides of the cell 
suspefolsion for IIF. This offered the opportunity to do sys-
tematIc cell counts of positive and negative cells and determine 
the percentage of BP positive cells in the culture over time. 
The fact that the percentage of positive cells markedly in-
creased in culture over the initial cell suspensions (Table II, Fig 
8) su~gests that the BP A was synthesized by the adult human 
keratmocytes and not merely maintained. When cultw'ed on 
nonviable human dermal substrate, BPA was not expressed on 
days 1 and 2 of culture, but was then seen as a linear fluorescent 
band between the epidermal cells and the dermal substrate 
from days 3 to 10. This observation affords further evidence 
that the BP A is synthesized in culture. This finding is similar 
to the Brickman et al [14] study of neonatal organ cultures. 
~~ey showe.d that in 7 day neonatal skin organ cultures (with 
hvmg de~mls and epidermis), the BPA degenerates in early 
culture life ~days 0 to 4) and then regenerates by day 6 of 
culture. PreVIOusly, we [1] demonstrated that a similar phenom-
enon occurs when adult human skin explants are cultured on 
nonviable pig dermis. Recently, a thiol proteinase has been 
described in skin that may be capable of autodegradation of 
epidermal glycoproteins [15]. 
Generally, the plasma membrane of living cells is imperme-
able to antibodies [16]. However, it is well established that 
when. cells are air-dried on a slide, with or without freezing and 
thawmg, the plasma membrane is disrupted and becomes freely 
perme.able to antibodies [16-23]. Therefore, since our sys-
tematIc cell counts of BP A positive cells were performed on air-
dried slides that had been frozen and thawed at least once the 
antibodies used in the IIF procedure had ready access td the 
cell cytoplasm. In previous studies with various methods of 
fixation , it was found that treating the air-dried slides with 
ac~t0l1:e, alcohol, methanol, formaldehyde, or trichloroacetic 
aCId dId not alter the IIF staining pattern from that seen with 
air drying alone [16,23]. Therefore, in order to keep the proce-
dures as close to the in vivo situation as possible while allowing 
ample access. of t~e se~a to t?e cell cytoplasm, all IIF procedures 
were done WIth au-drIed slIdes alone and no fixative. 
BPA was easily detected in both prinlary and subcultures 
when the epidermal cells were detached and air dried slides of 
the suspensions stained by IIF with BP sera. In addition to the 
doubling of BP A positive cells in culture over the initial cell 
suspension, another interesting fmding was the four patterns of 
BP positive cells. 
In antigen localization studies using indirect immunofluores-
cence, it ~s cri~ic.al to use I?recise terminology. Perinuclear-
cytoplasm~c .stammg of c~ll~ IS characterized by bright flum'es-
cence outlmmg and extendmg from a dark nucleus and fading 
towards the edges of the cell [13]. In contrast membrane stainin~ does not outline .the nucle~s and rather than fading at 
the perIphery shows an mcreased mtensity at the cell plasma 
membrane due to the fact that the three dimensional spherical 
membrane is being viewed "on end" giving the appearance of 
an accentuated ,??rder. :rh~ perinucl()8.l·-cytoplasmic staining 
pattern and the signet rmg pattern observed in the detached 
resuspended and air-dried cultured keratinocytes when stained 
with BP sera show that the antigen can be expressed within 
the cytoplasm of cultured cells. It is possible that both the 
"dot" pattern an.d "~im" pattern a~e actually an identical pol8.l· 
membrane localIzatIOn of BP A Viewed from different angles. 
TABLE III. Percentage of bullous pemphigoid antigen positive cells on air· dried slides of detached keratinocyte subcultures made on plastic 
Cultures passaged Number 
Percent positive ce lls 
and IFF performed on: of series Passage Passage Passage Passage Passage 
one two three four live 
Day 2 2 4% 18% ND ND ND 
Day 6 2 28% 39% 44% ND ND 
Day 9 3 49% 42% 20% 47% 48% 
Day 15 3 52% 58% 58% 53% 51% 
ND Not done. 
July 1982 
Against this is the fact that the "dot" pattern is always markedly 
concentrated, and even if it were viewed from the side, it is 
difficult to imagine how it could appear as a vu·tual semi-cu'de 
of fluorescence as seen in the "rim" pattern. "Capping" is an 
extremely rare occurrence in keratinocytes even when living 
keratinocyte suspensions are subjected to IIF [22] and does not 
occur in air-dl"ied slides of dead cells. Therefore, the "rim" and 
"dot" patterns observed in this study are not due to the 
"capping" phenomenon that is frequently seen in living suspen-
sions of lymphocytes. 
Although the design of this study did not provide an expla-
nation for the 4 patterns of staining observed with BP sera, one 
hypothesis is that they may reflect different areas of the cell 
where BP A is concentrated during the necessary synthesis and 
processing of the molecule by the cultured keratinocyte. 
Very recently, Faure, Eisinger, and Bystryn [24] have re-
ported the persistent stable expression of BP A in primary and 
subcultures of epidermal cells cultlll'ed by the Eisinger method. 
The range of BP positive cells in cultme was 15-35%. In their 
study, it is difficult to know if a systematic time study of BP 
positive cells in cultme was done and at what points in the 
growth cycle of the cultmes the IIF examination with BP sera 
was performed. In culture, they counted only cells with a "cap 
on one pole" of the cell as a BP positive cell. This would most 
likely correspond to the "rim" pattern described in this study. 
Our BP positive cells included those with perinuclear, cytoplas-
mic and rim patterns of fluorescence as described above. This 
may account for the lower percentage ofBP positive cells found 
by Faure et a1. 
PV A was expressed in both cultures made on plastic and 
nonvia ble human dermal substrate, and our findings are com-
pletely in accordance with Stanley et al [13]. PV A was not 
detected on air-dried slides of cultmed human keratinocytes 
that had been detached by trypsin-EDT A. Since the PV A was 
present before trypsinizing and detaching the cells, the most 
obvious explanation for this loss of antigen is the process of 
detaching the cells from their plastic substrate. PYA on guinea-
pig epidermal cells has been reported to be trypsin insensitive 
[25]. If this is the case, then either the EDT A or some other 
aspect of our detachment process accounts for the loss of PV A 
in our hands. Pemphigus antigen is known to lose its reactivity 
to pemphigus sera when treated with ether, DMSO, 10% for-
malin, triton X, Tris acetate, ethylene glycol, tetra-acetic acid, 
iodoacetamide, p-chloromercuribenzoate, n-ethyl malemide, 
EDT A, and phosphate buffered saline [26]. Om detachmen t 
procedure employed both phosphate buffered saline and 
EDT A. Another possibility is that PV A on guinea-pig epidermal 
cells may have properties different from PV A on human epi-
dermal cells. 
Pr antigens are glycoconjugates of the red blood cell surface 
that have also been detected within stratified squamous epithe-
lia by homogeneous and serologically monospecific monclonal 
antibodies [3]. Unlike target antigens for blood group alloanti-
bodies, Pr determinants are "public" antigens universally ex-
pressed in the human species [3]. In normal orthokeratotic 
human skin, Prlh antigens are distributed within the cytoplasm 
of the basal cell layer, the proliferating compartment. In epi-
thelia undergoing parakeratotic differentiation such as psoriatic 
epidermis, Prlh antigen is detected in the upper cell layers (the 
maturing compartment) as well [3]. In this study, AHK cultmes 
made on nonviable human dermal substrate and stained by lIF 
with Prlh antisera had a homogeneous cytoplasmic staining of 
all the layers of the cultmed cells (Fig 5). It is known that 
AHKs cultured on nonviable human dermal substrate are in-
volved in keratinization and produce desmosomes, tonofila-
ments, membrane coating granules, keratohyalin granules and 
some organization of keratin fibers in the cornified layer [5,6]. 
The staining of all of the layers of the cul tlll'ed cells by IIF with 
Prlh antibodies suggests that the cultures are involved in a 
parakeratotic form of differentiation similar to psoriasis. This 
is in accordance with the Hand E sections of the cultmes in 
which nuclear ele~ents are often seen in the cornified layer. 
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